Background: There are limited prospective population-based data on the health care cost of IBD in the post-biologicals era. A prospective registry that included all incident cases of inflammatory bowel disease [IBD] was established to study disease progress and health cost. Aim: To prospectively assess health care costs in the first year of diagnosis among a wellcharacterised cohort of newly diagnosed IBD patients. Method: Incident cases of IBD were prospectively identified in 2007-2008 and 2010-2013 from multiple health care providers, and enrolled into the population-based registry. Health care resource utilisation for each patient was collected through active surveillance of case notes and investigations including specialist visits, diagnostic tests, medications, medical hospitalisation, and surgery. . In UC, medications accounted for 39% of total cost [of which 37% was due to 5-aminosalicylates, and diagnostics 29%; outpatient cost contributed 71% to total cost. Conclusion: In the first year of diagnosis, outpatient resources account for the majority of cost in both CD and UC. Medications are the main cost driver in IBD.
Introduction
In this era of escalating health care costs and growing constraints on health care budgets, cost analysis is crucial for planning proper distribution of health care resources and novel therapeutic agents. This is especially so in lifelong incurable diseases such as inflammatory bowel disease [IBD] that have several expensive therapeutic options available, including anti-tumour necrosis factor [TNF] antibody therapy [biologicals] and resective surgery. The issue is made even more pertinent by the global rise in the incidence of IBD. 1, 2, 3, 4, 5, 6 There is limited literature on the health care cost in populationbased IBD cohorts, especially since the widespread introduction of biological therapy. The studies that are available have a number of limitations. Frequently patients have been recruited through the use of databases that are dependent on administrative definitions of IBD and, importantly, lack clinical data to compare cost and disease severity. 7, 8 Many population-based studies were performed retrospectively, thus introducing bias and difficulties in interpreting disease course and severity. 1, 2 Finally, some studies relied on patientbased recall of resource utilisation, which introduces recall bias. 11, 12 With the current escalating medical costs and new advances in therapeutic options, there is a need for more accurate information regarding the health care cost of IBD. This prospective populationbased study of a well-characterised inception cohort of patients, with known disease progression, was designed to assess the total health care cost in the first year of diagnosis, from the health care system perspective.
Method

Study population
During a 4-year inclusion period [2007 and 2008, 2010 to 2013], incident cases of IBD from a well-defined area of greater Geelong, Victoria, were recruited to be part of this population-based prospective study. New cases were identified using the multiple source capture methodology as previously described 3, 13, 14 and enrolled into an IBD registry through the use of an opt-out consent process.
A total of 278 incident cases of IBD were identified during the study period. Of these, 16 [6%] patients were lost to follow up, 8 [3%] were re-diagnosed as not IBD, 1 [0.4%] was not a true incident case, and 1 [0.4%]was not suitable for the study due to an unstable social situation. Thus 252 patients were enrolled into the IBD clinical registry, which was used as a basis to collect outcome data on the natural history, quality of life impact, environmental factors, and health care cost of IBD. Here we publish the health care costs of crohn's disease [CD] and ulcerative colitis [UC] patients [total of 242 patients; 10 cases of indeterminate colitis were excluded].
Data collection
Patient progress was assessed by the review of specialist case notes, hospital records, and pathology and radiology services, as well as liaison with the treating doctor [s] . For the majority of patients this was done prospectively, and for the smaller group diagnosed in 2007/2008 [n=61] this was done retrospectively in 2012. Patients were assessed at diagnosis, 3 and 12 months from diagnosis, and at the end of the study. A minimum of 12 months [+/-3 months] follow-up was required. Audits of case ascertainment and data quality were performed 3-monthly. The clinical data collected included demographics, disease classification, disease activity, medical therapy, surgery, hospitalisation, malignancy, and death.
Calculation of health care resource utilisation
Health care cost was calculated for each patient for the first 12 months of disease, including cost of diagnosis, from the health care system perspective. This perspective was chosen as providing valid and reliable cost data 4 that can be then extrapolated to other populations, and is least likely to result in the introduction of bias seen with assessment of indirect costs. Cost is reported in Australian dollars [A$]. This was done through active surveillance for the following IBD-related health care resources: diagnostic tests [including pathology, radiology, endoscopy, and capsule endoscopy]; medications based on the treating physician's prescription [topical and oral aminosalicylates, azathioprine, mercaptopurine, methotrexate, adalimumab, infliximab]; outpatient visits to the main treating specialist physician; and medical and surgical hospitalisation. The cost of outpatient visits to other health care professionals such as the general practitioner [GP] , surgeon, specialist nurse, or dietitian was not included. Unpublished health economic data from the POCER study in Australia by Wright et al. showed that the average cost accrued by a patient visiting the GP for IBD-related problems was 13% of the cost of visiting the specialist. Therefore, this assumption was made to calculate the cost of GP visits in this study.
Any admission that eventuated in a surgical procedure [intestinal and perianal] was classified as a surgical admission [including all elective surgical admissions], and all other hospitalisations were defined as medical admissions. 6 Hospital cost was obtained directly from the relevant hospital for each individual patient. Both private and public hospitals derive their cost based on the Department of Health and Aging Public National Round for the relevant year. In this system, each hospitalisation is assigned a relative cost based on the intensity of resources used. In a public hospital this incorporates physician fees; however, in private hospitals the physician fees are added on separately, based on the Medicare Benefits schedule.
Diagnostic costs were based on the Medicare Benefits schedule, apart from endoscopy, which was collected directly from each of the service providers. For all blood tests an estimate was calculated dependent on the therapy prescribed. Patients on no immunomodulator were predicted to require twice yearly baseline blood tests (full blood examination, electrolytes, liver function tests, and C-reactive protein [CRP] ). Those on immunomodulator therapy had a preimmunosuppression screen added, as well as fortnightly tests for 2 months followed by second-monthly. A similar formula was used for patients on biological therapy.
Medication use was based on what the treating specialist prescribed, including dose and duration. The cost of each medication was calculated from the Pharmaceutical Benefits Scheme [PBS], using the dispensed price for maximum quantity [DPMQ] which was adjusted based on length of treatment. For infliximab, the additional cost of a day procedure at the relevant hospital was added into the cost of the drug.
Outpatient visits to the treating gastroenterologist/specialist were calculated based on the Medicare Benefits schedule.
All efforts were made to adhere to the criteria set out by the Quality of Health Economic Studies [QHES] instrument. 4 
Statistics
As the health cost was skewed to the right, both median and mean costs per patient were calculated, as median cost is more representative of the outlay in most of the patients without introducing bias from a minority of patients with high cost. However, mean costs are also important for planning future health care budgets as they account for overall expenditure. 7 To further analyse the high-cost outliers, these patients were identified by the statistically verified method [Q3+1.5IQR, where IQR is the interquartile range]. 3, 8, 4, 9, 5, 10 To determine which clinical variables may predict future high IBD health cost, univariate analysis was done using the Mann-Whitney rank sum because of the skewed distribution of cost. The dependent variable was total cost, with the independent variables being diagnosis, age, gender, disease location, disease behavior, and perianal disease [CD only], smoking, and steroid/immunomodulator at diagnosis. A threshold of p<0.2 was used to determine which variables would be incorporated into a multivariate [negative binomial] regression analysis, with manual backwards stepwise techniques employed to identify the variables independently associated with cost. Data analysis was performed using STATA version 12.1 [STATA Corporation, College Station, TX]. All statistical tests were two-sided, with p<0.05 considered to indicate statistical significance.
Economic guidelines were adhered to in reporting the economic evaluation of disease.
16,17,6,11
Ethics
This study was approved by the Barwon Health ethics department and was carried out according to the local regulations. Table 1 . A more detailed overview of disease progression in this cohort has been described elsewhere. 4, 12 The total expenditure for the 242 patients in the first 12 months from diagnosis was A$2,145,585. Table 2 ].
Results
Cohort characteristics
Breakdown of total expenditure
The major cost driver in CD were medications at A$491,504 Figure 2 shows the breakdown of each component of total cost, with a detailed overview of medications used; 5-ASA use accounts for 15% of total cost in CD, and biological therapy for 16%. The bulk of diagnostic testing cost in CD is due to endoscopy, which accounts for 18% of total cost [85% of diagnostic testing], and radiology, pathology, and capsule endoscopy contributed 1% each. The majority of the endoscopy was done at time of diagnosis, with 24 Figure 2 illustrates the breakdown of specific medications, with 37% of the total cost stemming from use of 5-ASAs. Biologicals use in UC has not been widely available till recently. Diagnostic cost is mainly due to endoscopy, accounting for 27% of total cost [94% of diagnostic cost], with radiology and pathology contributing 1% each. The majority of the endoscopy was done at diagnosis in UC, with an extra 15 colonoscopies done during follow-up, accounting for 14% of the total endoscopy cost.
Outpatient resources are responsible for the majority of the cost in both CD [55%] and UC [71%], when compared with inpatient resources [hospitalisation and surgery].
High-cost outliers
High-cost outliers were identified for both CD and UC; 11% of patients [16 of more detailed analysis of these 16 patients, there were 5 patients whose cost primarily stemmed from complicated intestinal resections, costing a minimum of A$30,000. This included three patients with a surgical cost of over A$50,000 each due to prolonged admission associated with the surgery [30 days minimum]. There was a delay to salvage therapy or surgery in two of the three patients with severe colonic and ileocolonic disease, respectively. The third was an 80-year-old patient with multiple comorbidities who underwent small bowel resections within 12 months, on no immunomodulator therapy despite predictors of high-risk disease. Of the remaining 11 high-cost CD patients, the major driver to cost was either biological therapy for most of the 1 year, more than one hospitalisation, or the combination of needing both resective or perianal surgery and a biological.
In UC, 10% [10] patients were classified a high-cost outliers [range A$13,426 to A$58,072]. These patients comprised A$ 218,033
[36%] of the total UC cost. Medical hospitalisations accounted for 34%, surgery 33%, and medications 20%. 5-ASAs made up 75% of all the medication cost. There were two patients that had high costs due to a colectomy, with a difference between the two in the cost [A$13,382 vs A$57,631]. This was due to a delay in diagnosis of UC in the higher-cost patient, a young man with a concomitant gastrointestinal infection. Of the remaining high-cost UC patients, the costs of six were due to hospitalisation and of one due to biologicals use. Table 4 ].
Predictors of high cost
Discussion
This cost-analysis of health care in IBD during the first year of disease, including the cost of diagnosis, has identified a number of important findings. First, health care is more expensive in CD than UC. Second, outpatient resources account for more health expenditure when compared with inpatient resources, and medications contribute the largest proportion to total cost. Use of 5-ASAs is not only expensive in UC but also accounts for half the cost of medications in CD. Despite the shift to outpatient resources, surgery costs remain high in the first year. Lastly, the distribution of cost is influenced by a small number of 'high-cost outliers'-patients who accumulate a much higher cost in the first year of diagnosis compared with the rest of the cohort. This prospectively recruited inception cohort of 242 patients has been followed longitudinally to assess disease progression, details of which have been published elsewhere. 7, 12 Early disease course was not as aggressive as has previously been reported. 13 Disease behaviour in CD was predominantly inflammatory at 1 year [80%] and, of the CD patients [n=38] with 5-year follow up, 75% had non-penetrating non-stricturing disease. Rates of intestinal resection were low in CD [13% at 1 year] and UC [2% at 1 year] compared with the pre-biologicals studies 14, 15 but comparable to recent population-based studies from Europe. 16, 17, 18 Immunomodulator use was frequent [57% at 18 months in CD; 18% in UC], and biological therapy use in CD was common [8% at 1 year; 12% at 18 months]. These rates are very similar to those in Western European countries, described in the recent ECCOEpiCom cohort, 16 though biological therapy was lower in our cohort, especially in UC. These similarities between cohorts suggest that the health cost data from this study can be extrapolated to other regions, in particular Western Europe.
This study shows a shift from inpatient resources contributing most of the cost in IBD, to outpatient resources. This is due to medications and diagnostic testing contributing a larger percentage of the total cost when compared with historical population-based cohorts. 6, 2 This shift has been confirmed in other recent studies. 19, 20 It is likely that the gap between inpatient and outpatient resource cost will widen even more after the first year of disease, as surgical and hospitalisation rates continue to decline in later years of disease, as has been shown in recent cohort and health analysis studies 6, 8, 21, 22, 23 In CD the high medication cost is driven equally by biological therapies [50%] and 5-ASAs [49%]. This is one of the first health cost studies to include significant biological therapy [8% at 1 year], as compared with 0.7% at 1 year in the Manitoba cohort 8 and similarly infrequent use in other studies. 1, 6 A health cost study in patients with longstanding disease [median [13] [14] [15] [16] years] also showed a high number of patients on biological therapy [22%] . In that study, biological therapies accounted for 64% of total cost in CD and 31% in UC, 20 but patient recruitment was hospital based and was through the use of an administrative definition of IBD which may skew to a more severe disease phenotype and introduce bias, as the definition is used for re-imbursement. As the number of patients using biological therapies in population-based studies increases, it is important to determine if the costly price tag of the therapy will be offset by reduced cost from longer disease remission, as well as less frequent hospitalisation and surgery. There have been studies done with Markov modelling to try to answer this question, one of which concluded that therapy is not cost effective; however, this was on refractory CD patients, and not strictly a population-based cohort. 24 A retrospective analysis of a large IBD registry in Canada found that hospitalisation and surgery rates dropped at 2 and 3 years, respectively, after initiation of infliximab compared with other drug groups in patients who had double the cost of treatment before the initiation of biological therapy-so suggesting that in these patients, biological therapy was cost effective. 25 The ECCO-Epicom group found more frequent anti-TNF α therapy and IM use in the first year of disease in the Western European patients as compared with those in Eastern Europe, but this was not associated with a significant difference in surgery and hospitalisation rates at 3 years, 26 perhaps due to the follow-up not being long enough to demonstrate effect. It is also possible that biological therapies will not be cost saving, as is the case with many health care interventions, but still remain cost effective through impact on quality of life and patient-reported outcomes. Future follow-up of this cohort will include quality of life and disease activity measures that will help determine the cost-effectiveness.
The other cost driver are the 5-ASAs, accounting for 15% of total cost in CD and 37% of total cost in UC. Similar results have been shown before in a US health cost study in which 5-ASAs contributed 29% of the CD cost. 1 In the EC-IBD cohort, mesalamine was more expensive than the cumulative cost of all other drugs. 6 5-ASAs such as mesalazine are expensive [A$3 per 1g for oral and A$12 for an enema preparation], and are used widely in IBD, with 56% and 99% of CD and UC patients, respectively, being prescribed this medication by the end of the first year from diagnosis in our cohort. 12 Salazopyrin is not as costly but has frequent side effects and is therefore poorly tolerated by patients. 12 The expense of 5-ASAs brings into question the use of these in CD, given the limited evidence for its efficacy in these patients. 27, 28, 29 Health care cost from CD has frequently been shown to be more expensive than UC, 2, 8, 20, 30 and we have confirmed this. In our study, this was due to significantly higher cost from diagnostic tests [specifically radiology] and more specialist visits in the CD population compared with UC [see Table 2 ].
Diagnostic tests are expensive, accounting for 18% and 27% of total cost in CD and UC respectively, and most of this cost is due to endoscopy [>85%]. However, the majority of these procedures are performed during the diagnostic process, so it is reasonable to assume that further follow-up of this cohort will show a significant reduction of endoscopy cost. A potential cost-saving approach would be to reduce the number of follow-up colonoscopies through the use of faecal calprotectin to monitor treatment response and mucosal healing, rather than repeat colonoscopy. 33, 34, 35, 36 In this study, 39 follow-up colonoscopies were performed after the initial diagnostic procedure, accounting for A$52,533. If all of these were replaced with a feacal calprotectin [average cost of A$50 each], a 10% saving on total diagnostic testing would be achieved.
There is a right skew in the distribution of cost among the cohort that is further exacerbated by a small number of high-cost outliers contributing a substantial burden of the cost. This has also been found in previous health cost analyses. 7, 9, 10, 12 These high-cost outliers make up 11% and 10% of patients with CD and UC, respectively, and contribute 54% and 36% of the total cost of the cohort. In CD, the cost in this outlier group was driven by surgery and surgical admissions, whereas in UC it was driven by a combination of prolonged complex medical hospitalisations, surgery, and medications. In-depth analysis of the group showed that the three most expensive patients [two CD and one UC] with surgical costs over A$50 0000 each [including hospitalisation at the time of surgery] had experienced delay to either definitive therapy or to diagnosis, underlining the importance of vigilant and active treatment of unwell patients. These outliers must also be considered in future health care planning, as they do consume much of the cost.
Several clinical variables present at diagnosis predicted high cost in the first year of disease. In CD, these were colonic and ileocolonic location and complex disease behaviour. In UC, these were left-sided and pancolitis location as well as an abnormal CRP of >10. These clinical predictors are similar to those predicting a need for surgery and hospitalisation, 21, 31 which are both unfavourable clinical outcomes. Patients displaying such clinical variables at diagnosis should be managed aggressively to prevent complex disease behaviour with associated high cost.
There are several limitations to this study. First, we did not include the cost of outpatient visits to other health care providers due to the difficulty of capturing all such visits. However, given the overall low impact specialist visits had on total cost in this study [3%] , it is unlikely that the overall cost from these service providers would be significant. Other studies that have included all outpatient visits have shown a low contribution to total cost 20 This should not be interpreted that the outpatient care provided by health professionals is not important, but simply that they are not costly. In fact, the comparative low cost of frequent contact with IBD health professionals suggests cost efficacy, as these visits have a pivotal role in assessing clinical response and achieving treatment to target goals, with a positive effect on patient compliance. 32 The other limitation in this study is the lack of societal and patient cost assessment [indirect costs] including work productivity and absenteeism, as well as outof-pocket costs. 33 This is because the cost analysis was from a health care system perspective to optimise cost reliability and external validity to other populations. Also, the cost of medications, excluding biological therapy which is monitored strictly, may have been overestimated as non-compliance was not considered [it was based on the doctor's prescription] but, given the low cost of all other medications [apart from 5-ASAs], this is unlikely to be significant. Finally, the use of biological therapies in the UC group was limited due to prescribing restrictions in Australia till recently. This is one of the only well-characterised inception cohorts of community-based patients with both clinical outcomes and health cost analysis data since the widespread use of biological therapies. This provides real-life health cost data that can be generalised to other populations and used in cost-efficacy assessment of new therapies and in the future planning of allocation of health care resources. Follow-up was excellent [over 90%] reducing risk of bias. Active surveillance was used to capture all resources use, which has the added benefit of thorough and accurate data collection when compared with database-based searches. The study fulfilled the requirements of a good cost analysis study, therefore providing a basis for costutility and cost-effectiveness analysis. 11, 34 This health cost analysis can be extrapolated to other developed countries, given the similarities in cohort characteristics described earlier. One caveat is the dominance of CD over UC in the Australian population, which is similar to North American countries, New Zealand, and France 35, 36 but the opposite to other Western and Eastern European countries. 16, 17, 37 For this reason, total IBD cost may differ [as CD is more expensive than UC] but per patient costs should remain similar. The majority of cost was public systemdriven in this study, and there is no difference between private and public funding for outpatient resources. Additionally, even if there are differences between health care costs between countries, the cost profile should remain the same given the comparable disease progress and treatment strategies used in these countries.
In conclusion, we have shown that health care cost is more expensive for CD than UC patients. There has been a shift in IBD health cost expenditure in the first year of disease, from inpatient driven resources to outpatient driven resources, primarily due to medications such as biological therapy and 5-ASAs. Future longitudinal follow-up of the cohort will help determine which treatment strategies induce sustained low-cost remission in patients and therefore offset the cost of treatment. Quality of life measures will aid in assessing the cost-effectiveness of current strategies.
